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Abstract: Sophora flavescens is a traditional Chinese medicine rich in flavonoids and has wide application
potential in drug development and clinical practice. In this study, a total of 227 flavonoids were detected among
five tissues of S. flavescens during anthesis using widely targeted metabolomics techniques. There were 137
flavonoids shared by five S. flavescens tissues and 18 root-specific flavonoids. There were 156, 155, 156 and 150
differentially accumulated metabolites identified in stem, leaf, flower, and young pod, respectively, compared with
root. Forty-seven potentially active flavonoid components in S. flavescens were identified using the PubChem and
SwissADME databases. The 58 potential target proteins for these potentially active components were predicted to

be important in the treatment of type 2 diabetes mellitus (T2DM) based on the SwissTargetPrediction and
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GeneCards database. These 58 target proteins were used to construct a protein-protein interaction network through
the STRING database, from which we performed GO and KEGG functional enrichment analysis. The mechanisms
by which S. flavescens flavonoids may be useful in the treatment of T2DM was further explored in a multi-level
and systematic way based on a "component-target-pathway" network. Finally, ten key potentially effective
components were identified and found to be mainly distributed in the roots, flowers, and pods, and their content
varied significantly between tissues. The results predict that the key targets of S. flavescens flavonoids in the
treatment of T2DM are AKT1, ESR1, EGFR, PIK3R1, TNF and PTGS2, and that they play a hypoglycemic role
through the regulation of endocrine resistance, AGE-RAGE, the PI3K-Akt signaling pathway, EGFR tyrosine
kinase inhibitor resistance and other signaling pathways. This analysis of the tissue distribution and network
pharmacology of S. flavescens flavonoids provides a theoretical basis for further studies on S. flavescens
metabolites, the rational development and utilization of the S. flavescens aboveground parts, and initiates a
comprehensive exploration of the mechanisms by which S. flavescens can be used in the treatment of T2DM.
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Figure 1 The comparison analysis of flavonoids content among different Sophora flavescens tissues at anthesis. A: Relative contents of

flavonoids among five tissues; B: Principal component analysis (PCA) for flavonoids among different tissues; C: Comparison of flavonoid

patterns detected among five tissues; D: K-means clustering of flavonoid compounds among five S. flavescens tissues. The numbers marked

at the bottom left of the figure indicate the types of flavonoids in each cluster
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Figure 2 The comparison of differentially accumulated metabolites (DAMs) among leaves, stems, flowers, and pods compared to roots. A:
The DAM number of four comparison groups (stem vs root, leaf vs root, flower vs root, and pod vs root). Down and up indicates those flavo-
noid contents significantly down- and up-accumulated in roots compared with leaves, stems, flowers, or pods; B-D: Comparison of all,
down and up DAM numbers among four comparison groups; E: Flavonoid patterns and their numbers of the shared up- and down-DAMs

among four comparison groups
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Table 1

Information of 47 potential pharmacoactive ingredients. Flower vs root, leaf vs root, stem vs root and pod vs root indicate the four

comparison groups. Up and down indicates the up-regulated and down-regulated DAMs in root compared with other four tissues, which

meet the criterion of VIP>1 and [log,(fold change)|>1

No. Compound Class 11 Cluster  Flower vs root Leaf vs root Stem vs root Pod vs root
1 Kushenol R Flavonone 5 Up Up Up Up
2 8-Prenylkaempferol Flavonol 2 Up Up Up Up
3 Isoxanthohumol Flavonone 5 Up Up Up Up
4 Kushenol F Flavonone 5 Up Up Up Up
5 Sophoraflavanone G Flavonone 5 Up Up Up Up
6 Ononin Isoflavone 2 Up Not Up Up
7 Sophoraflavanone B Flavonone 5 Up Up Up Up
8 2,4,4'-Trihydroxychalcone Chalcones 4 Not Up Up Not
9 Isobavachin Flavonone 5 Not Up Not Not
10 Glabranine Flavonone 5 Not Not Not Not
11 Calycosin-7-O-glucoside Isoflavone 4 Up Up Not Up
12 Formononetin Isoflavone 5 Not Not Up Up
13 2'-Methoxykurarinone Flavonone 5 Up Up Up Up
14 Leachianone A Flavonone 5 Up Up Up Up
15 Kushenol A Flavonone 5 Up Up Up Up
16 Kushenol E Flavonone 5 Up Up Up Up
17 3,7,4'-Trihydroxyflavone Flavonol 5 Up Up Up Not
18 Kushenol U Flavonone 5 Up Up Up Up
19 Butin Flavonone 1 Down Not Up Up
20 Kushenol S Flavonone 5 Up Up Up Up
21 Daidzein Isoflavone 4 Up Up Up Not
22 Liquiritigenin Flavonone 4 Up Up Up Up
23 Apigenin Flavone 1 Down Not Down Down
24 Genistein Isoflavone 1 Not Up Up Up
25 Prunetin Isoflavone 2 Not Down Not Not
26 3’4", 7-Trihydroxyflavone Flavone 1 Not Not Not Not
27 6-Hydroxydaidzein Isoflavone 4 Up Up Up Not
28 6,7-Dihydroxyflavone Flavone 4 Up Not Up Not
29 Quercetin Flavonol 2 Up Down Down Down
30 Kurarinone Flavonone 5 Up Up Up Up
31 Genistein-8-C-glucoside Isoflavone 3 Down Down Down Down
32 Daidzin Isoflavone 2 Not Up Not Down
33 Biochanin A Isoflavone 1 Down Not Not Not
34 Hesperetin Flavonone 1 Not Not Not Not
35 Puerarin Isoflavone 4 Up Not Up Not
36 Luteolin Flavone 1 Down Down Down Down
37 Phlorizin Other flavonoid 1 Not Not Not Not
38 2'-Hydroxydaidzein Isoflavone 4 Not Up Not Not
39 Acacetin Flavone 1 Not Down Up Not
40 Eriodictyol Flavonone 1 Down Not Not Not
41 3',7-Dihydroxy-4'-methoxyflavone (Farnisin) Flavone 3 Down Down Down Down
42 Diosmetin Flavone 3 Down Down Down Down
43 6-Hydroxyluteolin Flavone 3 Down Down Down Down
44 3'-Methoxydaidzin Isoflavone 3 Down Down Down Down
45 Epiafzelechin Flavanol 4 Up Not Up Not
46 Epicatechin Flavanol 4 Not Up Not Not
47 Catechin Flavanol 5 Up Up Up Up
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Figure 3  Protein-protein interaction network of potential targets
for the treatment of type 2 diabetes. HSPOOAA1: Heat shock pro-
tein HSP 90-alpha; SRC: Proto-oncogene tyrosine-protein kinase
Src; EGFR: Epidermal growth factor receptor; AKT1: AKT serine/
threonine kinase 1; ESR1: Estrogen receptor; PIK3R1: Phosphati-
dylinositol 3-kinase regulatory subunit alpha; TNF: Tumor necro-
sis factor; PTGS2: Prostaglandin G/S synthase 2; PTK2: Protein-

tyrosine kinase 2
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Figure 4 Functional enrichment analysis for the potential targets for the treatment of type 2 diabetes. A: The significantly enriched GO
(Gene Ontology) terms for the potential targets. FDR: False discovery rate; B: The significantly enriched KEGG (Kyoto Encyclopedia of
Genes and Genomics) pathways for the potential targets. VEGF: Vascular endothelial growth factor; EGFR: Epidermal growth factor receptor;
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